Abstract-Planar laser-induced fluorescence was performed in the parallel-plate gaseous electronics conference reference cell to determine two-dimensional maps of the CF2 radical in 89% CF4/11% O2 chamber-cleaning plasmas. The spatial characteristics of the CF2 density and of broadband optical emission were controlled by varying the current at the upper electrode by adjusting the impedance between the upper electrode and ground. The results suggest that electrical control of the current paths through the plasma could be used to control the spatial distribution of reactive chemical species, aiding in the optimization of chamber-cleaning plasmas.
Electrical Control of Plasma Spatial Uniformity Investigated by Planar Laser-Induced Fluorescence Kristen L. Steffens and Mark A. Sobolewski
Abstract-Planar laser-induced fluorescence was performed in the parallel-plate gaseous electronics conference reference cell to determine two-dimensional maps of the CF2 radical in 89% CF4/11% O2 chamber-cleaning plasmas. The spatial characteristics of the CF2 density and of broadband optical emission were controlled by varying the current at the upper electrode by adjusting the impedance between the upper electrode and ground. The results suggest that electrical control of the current paths through the plasma could be used to control the spatial distribution of reactive chemical species, aiding in the optimization of chamber-cleaning plasmas.
Index Terms-C2F6, CF4, chamber cleaning, current, diagnostics, laser-induced fluorescence, plasma, voltage.
F
LUOROCARBON plasmas are often used in the semiconductor industry for in situ cleaning of plasma enhanced chemical vapor deposition chambers. To assure high cleaning rates and high gas utilization efficiency, the spatial distribution of chemically reactive species in the plasma must be optimized. Reactive species density distributions, plasma emission, and cleaning rates vary strongly with pressure [1] , [2] . In addition, previous studies, performed in the capacitively-coupled Gaseous Electronics Conference (GEC) reference cell, have indicated a correlation between plasma spatial characteristics and the RF current flowing to the upper, grounded electrode. In this study, the current at the upper electrode was varied, independent of pressure, by adjusting the electrical impedance between the upper electrode and ground. The resulting changes in plasma uniformity were investigated using optical techniques.
Measurements were made in the GEC reference cell in 89% CF /11% O chamber-cleaning plasmas at 66.7 Pa (500 mtorr), a total flow rate of 9.2 sccm, and 30 W of power deposited in the plasma. The lower electrode was powered at 13.56 MHz. The strap that normally grounds the upper electrode was replaced by a coil in series with a variable capacitor. Current and voltage probes mounted on each electrode were used to determine electrical parameters, including , the 13.56 MHz amplitude of the current at the surface of the upper electrode. As described previously [1] , [3] , planar laser-induced fluorescence (PLIF) was used to determine twodimensional density maps of the reactive CF radical, and broadband spatially-resolved optical emission was utilized to indicate the regions of excited-state species formation.
In PLIF, the 266 nm quadrupled Nd : YAG laser beam was expanded into a vertical sheet and passed through the GEC cell, where it electronically excited the CF from the X (0, 1, 0) ground state to the A (0, 2, 0) excited state. Fluorescence, emitted as CF dropped back to the ground state, was collected in a direction normal to the laser sheet with an intensified charge coupled device (ICCD) camera. Filters limited collection to wavelengths between 300-400 nm. Broadband plasma emission images were collected by simply blocking the laser. Unlike the PLIF images, the emission images are line-of-sight integrated. PLIF images were processed by subtracting the emission image before normalizing to collection efficiency and to spatial and temporal variations in laser intensity. No quenching corrections were needed [1] .
Emission images are shown in Fig. 1(a) -(c); PLIF images are shown in Fig. 1(d)-(f) . In Fig. 1(a) , the upper electrode is shorted to ground, and is 333 mA. Emission is most intense near the lower electrode, peaking at a radial distance of about 5.0 cm. In addition, emission is observed near the upper electrode, uniformly across its surface. The emission features indicate the regions where excited species, including CF , are generated. The corresponding PLIF image, Fig. 1(d) , indicates that the CF diffuses away from these regions into the gap between the electrodes.
In Fig. 1(b) , the impedance between the upper electrode and ground was adjusted to minimize at 33 mA. Here, the current mainly flows to the upper and lower ground shields which surround each electrode. Correspondingly, the excited species are found primarily near the lower electrode edge and also near the upper electrode edge. Little emission is observed near the radial center of the plasma. In the corresponding PLIF image, Fig. 1(e) , CF is only found in a ring-like distribution maximized near the edge of the powered electrode.
In Fig. 1(c) , has been maximized to a value of 356 mA. The emission appears similar to the shorted case in Fig. 1(a) , except that it is more uniformly distributed across the lower electrode surface. The corresponding PLIF image, Fig. 1(f) , is similar to Fig. 1(d) , but Fig. 1(f) shows an increase in CF density in the region between the electrodes as more current is drawn through the bulk of the plasma. In contrast, at a lower pressure (13.3 Pa, not shown), minimizing produced smaller changes than maximizing . At 13.3 Pa, when was maximized, PLIF images became more radially uniform than those measured with the electrode shorted.
These results show that control of electrical parameters can be used to manipulate the spatial characteristics of reactive species generation and density. Further study may enable such U.S. Government work not protected by U.S. copyright control to aid in the optimization of the spatial characteristics of chamber-cleaning plasmas.
